The effects of naloxone on the changes in breathing and behaviour induced by morphine in the foetal sheep.
In the foetal sheep, administration of morphine induces apnoea followed by hyperpnoea; during hyperpnoea the foetus arouses. We tested the hypothesis that naloxone, an opiate antagonist, would block these responses. In 14 foetal sheep between 123 and 140 days of gestation, we measured electrocortical activity (ECoG), eye movements (EOG), diaphragmatic activity (EMGdi), blood pressure and amniotic pressure. Morphine (1 mg/kg) was injected in the foetal jugular vein during low-voltage ECoG. Saline or naloxone (0.1, 0.5 and 2.0 mg) were given, in randomized order, before the morphine injection, shortly after morphine injection during apnoea, and during maximum hyperpnoea. Saline alone had no effect on breathing or behaviour. When saline and naloxone preceded the morphine injection the length of apnoea was 26.6 +/- 7.7 and 19.5 +/- 7.0 min (SEM, P = 0.25) while the length of sustained hyperpnoea was 104.8 +/- 11.4 and 29.6 +/- 8.4 min respectively (P = 0.001). When administered during the maximum breathing response, naloxone decreased the length of breathing from 92.2 +/- 8.4 (saline) to 8.8 +/- 2.9 min (P = 0.001). Respiratory output (fEMGdi x f) also decreased from 6545 +/- 912 arbitrary units post saline to 3841 +/- 629 arbitrary units after naloxone (P = 0.05). Arousal disappeared with the decrease in breathing response. The negligible effect of naloxone on apnoea and its strong inhibition of hyperpnoea suggest that morphine may act on two distinct central regions or on two subtypes of opioid receptors to produce apnoea, hyperpnoea and arousal.